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Abstract 

In perturbative QCD approach, we investigate the B{Bs) — )■ D(s)(Z)(s))T and D*_,^{D'^^^) T 
decays, which include the Cabibbo-Kobayashi-Maskawa (CKM) favored decays and the Cabibbo- 
Kobayashi-Maskawa-suppressed decays, where T denotes a light tensor meson. From our calcu- 
lation, we find that the nonfactorizable emission diagrams and the annihilation type diagrams 
are important, especially for those color suppressed channels. For those decays with a tensor 
meson emitted, the factorizable emission diagrams vanish owing to the fact that a tensor meson 
can not be produced through the local (V-A) or tensor current. The numerical results show 
that the predictions for the branching ratios of considered charmed B decays are in the range 
of 10^^ to 10~^ for those CKM- favored decays (governed by \Vcb\) and in the range of 10-5 to 
10^*^ for those CKM-suppressed decays (governed by We also predict large transverse 

polarization contributions in many of the B{Bs) — )• (Z)^^pT decay channels. 
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I. INTRODUCTION 



In the recent years, several experimental measurements about B decay modes involving 
a light tensor meson (T) have been obtained These light tensor mesons include the 
isovector a2(1320), the isodoublet K*{U30), and isosinglet /2(1270) and /^(1525) ^. For 
the tensor meson with = 2+, both the orbital angular momentum L and the total 
spin S of the quark pair are equal to 1. However, their production property in B decays 
is quite similar to the light vector mesons [2|]. These rare B decays have been studied 
in the naive factorization IJQl. Due to the fact that (0 | | T) = 0, where is the 
{V ± A) or {S ± P) current 3, 4, 8, ol, the factorizable amplitude with a tensor meson 
emitted vanishes. Therefore, the naive factorization approach for this kind of decays 
can not give the right prediction. The recent developed QCD factorization approach 
[sl, Q and the perturbative QCD factorization approach (PQCD) 1^ overcome these 
shortcoming by including the large non-factorization contributions and the annihilation 
type contributions. 

There is another category of B decays with a heavy D meson and a tensor meson 



in the final states, which are discussed in the factorization approach [llHl6|. These B 
decays include the Cabibbo-Kobayashi-Maskawa- (CKM-)favored B decays through b ^ c 
transition, and the CKM-suppressed B decays through h ^ u transition. There are only 
tree operator contributions, thus no CP asymmetry appears in the standard model for 
these decays. Again, the factorizable diagrams with a tensor meson emitted vanish in the 
naive factorization. To deal with the large non-factorizable contribution and annihilation 
type contribution, one has to go beyond the naive factorization. 

Recently, three pure annihilation type decays B^ — ?► D~K^^ and 5, — t- Dao are cal- 
cula.ed pe.la«ve QCD appL, wL ,ve .Ib,! ..^cM„. ..o. {d In 

this work, we shall extend the study to all the charmed B{Bs) — )• D^j(Z)|*j)T decays 
in the PQCD approach, which is based on the fcy factorization 18|, ll9|. We know that 
the light quark in B meson is soft, while it is coUinear in the final state light meson, so 
a hard gluon is necessary to connect the spectator quark to the four quark operator. So 
the hard part of the PQCD approach contains six quarks rather than four quarks. This 
is called six-quark effective theory or six-quark operator. In the calculation of the fac- 
torizable diagrams and the annihilation type diagrams, endpoint singularity will appear 



2 



to spoil the perturbative calculation. In the conventional coUinear factorization, people 
usually parameterize these singularity, thus makes the theoretical prediction weak. In the 
PQCD approach, the quarks' intrinsic transverse momenta are kept to avoid the endpoint 
divergence. Because of the additional energy scale introduced by the transverse momen- 
tum, double logarithms will appear in the QCD radiative corrections. We resum these 
double logarithms to give a Sudakov factor, which effectively suppresses the end-point 
region contribution. This makes the PQCD approach more reliable and consistent. So in 
the perturbative QCD approach, one can not only give predictions for the decays with a 



tensor meson emitted but also calculate the pure annihilation type B decays [20|, |21|. 

In charmed B decays, there is one more intermediate energy scale, the heavy D meson 
mass. As a result, another expansion series of m n /rriB will appear. The factorization is 



only approved at the leading of mo/TriB expansion 22|, |23|. It is also proved factorization 
in the soft coUinear effective theory for this kind of decays 2J]. Therefore, we will take 
only the leading order contribution into account, unless explicitly mentioned. 

This paper is organized as following. In Section II, we present the formalism and 
wave functions of the considered B meson decays. Then we perform the perturbative 
calculations for considered decay channels with the PQCD approach in Sec. III. The nu- 
merical results and phenomenological analysis are given in Sec. IV. Finally, Sec.V is a short 
summary. 



II. FORMALISM AND WAVE FUNCTION 

The B —7- DT decays are weak decays through charged currents. At the quark level, 
there are only tree operator contributions, and the related weak effective Hamiltonian 
Heff [25] can be written as 

H^ff = ^ \C,Kd{.) [Ci(/x)Oi(/x) + CMO^ifi)] , (1) 

where Vub and Vcd{s) are CKM matrix elements. Ci.2(/i) are the Wilson coefficients at the 
renormalization scale /x. Oi^2(/^) are the four quark operators. 

Oi = {baU^)v-A{Ci3d{s)a)v-A, O2 = {baUa)v-A{Cf3d{s) i3)v-A, (2) 



3 



where a and fi are the color indices, {\)aUfi)y-A = &q7'^(1 — 7^)^^. Conventionally, we 
define the combined Wilson coefficients as 

ai = C2 + Ci/3, as = Ci + Cs/S. (3) 

For the B — > DT decays, the decay rates will be enhanced comparing with the corre- 
sponding B —7- DT decays by CKM matrix elements \Vcb/Vub\'^- At quark level, these 
decays are governed by the effective Hamiltonian 

H^ff = ^ KIKdC.) [Cli^^)0^i^^) + C2(/i)02(/i)] , (4) 

with 

Oi = {baCp)v-A{upd{s)a)v-A, O2 = {haCo)v-A{upd{s) p)v-A- (5) 

In hadronic B decay calculations, one has to deal with the hadronization of mesons. 
In this calculation, there are three different scales: W boson mass scale, b quark mass 
scale Mb and the factorization scale a/AM^, where A = Mb — rrih. The electroweak 
physics higher than W boson mass can be calculated perturbatively. The physics between 
b quark mass scale and W boson mass scale can be included in the Wilson coefficients 
of the effective four-quark operators, which is obtained by using the renormalization 
group equation. The physics between Mb and the factorization scale is included in the 
calculation of the hard part in the PQCD approach. The physics below the factorization 
scale is nonperturbative and described by the hadronic wave functions of mesons, which is 
universal for all decay modes. Therefore, the decay amplitude can be explicitly factorized 
into the convolution of the the Wilson coefficients, the hard scattering kernel and the 
light-cone wave functions of mesons characterized by different scales, respectively, 

xTr [C(«)*B(a:i,6,)*„,(a:2,62)#M,(i3,63)ff(ii,6i,t)S,(ii)e-'^<'>] , (6) 

where bi is the conjugate variable of quark's transverse momentum kiT, Xi is the mo- 
mentum fractions of valence quarks, and t is the largest energy scale in the hard part 
H{xi,bi,t). C{t) are the Wilson coefficients with resummation of the large logarithms 
In^rriw/t) produced by the radiative corrections. St{xi) is the jet function, which is^ob- 
tained by the threshold resummation and smears the end-point singularities on Xi [26i] . 
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The last term, e is the Sudakov form factor which suppresses the soft d yna mics 
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effectively and suppresses the long distance contributions in the large b region 
Thus it makes the perturbative calculation of the hard part H applicable at intermediate 
scale, i.e., nis scale. 

In the PQCD approach, in order to calculate the decay amplitude, we should choose 
the proper wave functions for the initial and final state mesons. The initial B meson 
is a heavy pseudoscalar meson with two Lorentz structures in it's wave function. We 



have neglected the numerically-suppressed one in the PQCD approach ^J29]. The two rest 
structure (7^75) and 75 components remain as leading contributions ^]. Then, $5 can 
be written as 



(7) 



For the distribution amplitude, we choose [29|, |30| 
(pB^x, h) = Nbx'^{1 — x)^ exp 



1 / niBX 
2 



LObO 



(8) 



where Nb is the normalization constant. We will take ujb = (0.4 ± 0.04) GeV and 



For the 



he meson, because of the 



32| and /s, = (0.24 ± 0.03) 



/b = (0.21 ± 0.02) GeV for B meson 
SU(3) breaking effects, we choose cjb = (0.5 ± 0.05) GeV 
GeV. 

For a tensor meson, the polarization tensor e^^/ (A) with helicity A can be expanded 
through the polarization vectors e^(0) and e^(±l) |8|, |9| 



(±1) 



[e(±l)^e(0)'^ + e(0)'^e(±l)''] 



(0) 



2 

g [ei+ire{-ir + ei-irei+iy] + W|e(0)^6(0)^ 



(9) 



In order to calculate conveniently, we define a new polarization vector er for the considered 
tensor meson [21 



(10) 
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The new polarization vector eT(A) with helicity A can be expressed as 



eT^(±2)=0, 
eT.(±l) 



rriB a/2 



(e(0) ■ Pb) e,{±l] 



(11) 



In this convention, the ±2 polarizations do not contribute, which is consistent with the 
angular momentum conservation argument in B decays. The er is similar with the e of 

n 

vector state, regardless of the related constants [2[. This convention makes the following 
perturbative calculations simpler. After this simplification, the wave function for a generic 
tensor meson are defined by |2| 



t / \ 2 ^* ' ^ 



P-v 



T 



V6 



Here n is the moving direction of the tensor meson, and v is the opposite direction. We 
adopt the convention e°^^^ = 1. The vector e,^ = is related to the polarization 

tensor. The twist-2 and twist-3 distribution amplitudes are given by {2, 8, 9| 



<PT{X) 



fl 



d 



2V2Ar: 



A^/2N'^dx 



c 



(13) 



with the form 



0ll_^(a;) = 30a;(l - x){2x - 1), 



h\^\x) 
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(2x- l)(l-6x + 6a;^), h 



X] 



15x(l -x){2x - 1) 



g^^>{x) = 20x(l-x)(2x-l), g'f'ix) = 5(2x - 1)^ 



(14) 



It is obvious that all the above light-cone distribution amplitudes (LCDAs) of the tensor 
meson are antisymmetric under the interchange of momentum fractions of the quark and 
anti-quark in the SU(3) limit (i.e. x 1—x) |8|, |9[. This is required by the Bose statistics, 
and consistent with the fact that < | | T > = 0, where is the {V ± A) or [S ± P) 
current. 
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For meson, in the heavy quark hmit, the two-parton LCDAs can be written as 



33|-|36| 



+ (^Tir + mD')<PU^,b)]^^. (15) 
or the distribution amphtude for D^*"* meson, we take the same as that used in Refs. 



34 



36|. 



(f)D{x,b) = (f)^^P{x,b) 



1 



/£,(.) 6x(l — x)[l + Cz)(l — 2x)] exp 



, (16) 



with Cd = 0.5 ± 0.1, w = 0.1 GeV and fo = 207 MeV |37| for D{D) meson and Cd 
0.4 ± 0.1, w = 0.2 GeV and fn, = 241 MeV for £>,(/),) meson. For D*^^^ meson, 
we determine the decay constant of D J„'^ meson by using the following relation based on 
heavy quark effective theory (HQET) 



D 



m 



D. 



(17) 



III. PERTURBATIVE CALCULATION 



In this section, we shall calculate the hard part H{t), which is decay channel dependent. 
It includes the four quark operators and the necessary hard gluon connecting the four 



quark operator and the spectator quark 
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We will express the whole amplitude for 



each diagram as the convolution of the hard kernal and wave functions. 

There are 8 types of diagrams contributing to the B DT decays (6 — )■ c transition), 
which are shown in Fig.l. They are governed by the CKM matrix element Vub, which 
are usually called CKM suppressed decay channels. The first two diagrams of Fig.l are 
the factorizable diagrams. Their decay amplitude can be factorized as a product of the 
decay constant of D'^*^ meson and a B to tensor meson transition form factor in the naive 
factorization approach. In the PQCD approach, we calculate these two diagrams and 
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FIG. 1: Leading order Feynman diagrams contributing to the B — )• D^*^T decays in PQCD 



obtain the decay amplitude as 

Aef = -SJ -TrCpm^^fD / dxidxs / bidbibsdbscpBixi,^) 

X { [Mx3)ix3 + 1) - iMxs) + 4>T{x3))rT{2X3 - 1)] 
■Eef(ta)hef{Xi,X3{l - r^), 61, 63) 

+2rTMx3)Eef{tb)hef{x3,Xi{l - rl),b3,b^)} , (18) 

with tt = ^ and td = (j)^'^\xi) is the distribution amphtude of the tensor meson 
and Cp = I is a color factor. The functions h^j, ta^, St and E^j can be found in Appendix 

m 

For diagrams Fig.(lc) and (Id), which are the non-factorizable in naive factorization, 
the decay amplitudes involve all three meson wave functions. The integration of 63 can 
be performed through S function 6{bi — 63), leaving only integration of bi and 62- 

32 r^^^ 

Menf = -^CFirm^ / dxidx2dxz / bidbib2db2(f)B{xi,bi)(f)D{x2,b2) 
•J Jo Jo 

X { [^t{x3)x2 + {(pri^s) - 0T(x3))rTa;3] 

■ henfl{Xi,bi)Eenfitc) 

+ [(Pt{x3){x2 - X3 - 1) + (0^(0:3) + (f)T{x3))rTX3] 

■ Knf2{Xi, bi)Eenf{td)} ■ (19) 

For the factorizable annihilation type diagrams Fig.(le) and (If), the decay amplitudes 
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involve only the final state meson wave functions, with the B meson factorized out, 

Aaf = 8y -^CpfBT^rn^B J dx2dx3 J b2db2b3db3(j)D{x3,h) 
X {[0t(x2)x3 + 2rDrT0r(x2)(x3 + 1)] 

■haf ix2,X3{l - ry),b2M)Eaf{te) 

- [Mx2)x2 + r^^rT (0^(x2)(2a;2 - 1) + 0^(x2)(2x2 + 1))] 

• Kf{x3,X2{l-rl),b3M)Eaf{tf)] . (20) 

For the non-factorizable annihilation diagrams Fig.(lg) and (Ih), all three meson wave 
functions are involved in the decay amplitudes. The integration of 63 can be performed 
by the 5 function 5{b2 — 63) to give the decay amplitudes as 

Manf = -irCFTcm^ / dxidx2dx3 / bidbib2db2(f)B{xi,bi)(f)D{x3,b2) 
<J Jo Jo 

X { [4>t{x2)x2 + rDrT{4>T{x2){x2 - X3) + (I)t{x2){x2 + X3 + 2))] 
■hanfl{Xi,X2, X3, 61, b2)Eanf{tg) 

- [(t)T{x2)x3 + rnrT{(t)T{x2){x3 - X2) + (t)T{x2){x2 + 3:3))] 

■ hanf2{Xi,X2, X3, 61, b2)Eanf(th)} • (21) 

The situation for B — t- D*{D*)T mode is a little more complicated. Both the longitu- 
dinal polarization and the transverse polarization contribute. Their decay amplitude can 
be given by 

A{eo, er) = + z(eS* ■ e?*)^^ + {e,,^pn^v''el*^e'^*^)A'' , (22) 

where is the longitudinally polarized decay amplitude and A"^ and A^ are the trans- 
versely polarized contributions, is the transverse polarization vector of D*{D*) and 
is the vector used to construct the polarization tensors of the tensor meson. 

For B —7- D*T decay mode, the longitudinally polarized expressions of factorizable and 
nonfactorizable emission contributions can be obtained by making the following substitu- 
tions in Eq.([T8]) and Eq.(lT9]), 

(f^D ^ (f)D*^ Id fo*, rriD ^ mn'. (23) 
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For annihilation type diagrams, the longitudinal decay amplitudes are 

X {[(I)t{x2)x3 + 2rDrT(t>T{x2){x3 - 1)] 

■haf{x2, X3{1 - rl,), 62, h3)Eaf{te) 

- [(Pt{x2)x2 + rDrT(0r(a;2) - 4>t{x2))\ 

■ Kf{x3, X2{1 - rl), 63, b2)E,f{tf)} , (24) 

32 f^^^"^ 
•^anf = -^CpT^m^ J dxidx2dx3 J bidbib2db2(j)B{xi,bi)(j)^{x3,b2) 

X { [(j)T{x2)x2 + rDrT{(t>T{^2){x2 " X3) + 4>t{x2){x2 + X3 - 2))] 

■hanfl{Xl-X2, X3, 61, b2)Eanf{tg) 

+ [-(t)T{x2)x3 + rDrT(0T(^2)(a;2 - 2:3) - 4>t{x2){x2 + 2:3))] 

• hanf2{xu X2: X3, 61, b2)Eanf{th)} ■ (25) 

The transversely polarized contributions are suppressed hy or rx, whose decay ampli- 
tudes can be given by 

Alf = -4:^/27:0 Fm%fD*rD / dxidx3 / bidbib3db3(f)B{xi,bi) 

Jo Jo 

X { [0?(a;3) + rT(0T(^3)(a;3 + 2) - <f>Ti^3)x3)] 
■Eef{ta)hef{xi, X3{1 - r]j), bi, 63) 

+rT{(l>^{x3) + (l)l^,{x3))E,f{h)Kf{x3,Xi{l - rl),b3,bi)} , (26) 



^5 = ^r/(0^^0^), (27) 



•l/A 

bidbib2db2 ^^(xi, 6i)0j(a;2, 62) 



M^nf = ^Qy -CpT^rn^rD j dxidx2dx3 J 

X {[-0^(X3)X2] henfl{Xi,bi)Eenf{tc) 

+ [0?(X3)(X2 + 1) + rT((/'T(a;3)(l - 2X2 + 2X3) - 0t(3^3))] 

• Knf2{Xi, bi)Eenf{td)} , (28) 



A4f„^ = A4L/(</'T^0^), (29) 
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2a 



2b 



■2d 



2e 



2/ 





FIG. 2: Leading order Feynman diagrams contributing to the B — t- DT decays 



/•I /-l/A 

Jo Jo 

X {tt [0^(x2)(1 - Xs) + 0^(X2)(X3 + 1)] 

+ [rB0?(2;2) + rT(0^(x2)(l - 0:2) - <Pt{x2){x2 + 1))] 

• /la/(a;3,X2(l - rl)),b3,b2)Eaf{tf)} , 



(30) 



(31) 



16y - Cirvrm^ri) y dxidx2dx-i J &i(i&i&2'^&2 ^^(a^i, ^O^El^^a, ^2) 

X { [2rT0T(a;2) + rD0?(a;2)(x3 - 1)] hanfl{Xl,X2,XzMM)Eanj{tg) 

- [rDX2.(t)T{x2)\ hanf2{Xi,X2,X3,bi,b2)Eanfith)} ■ (32) 



(33) 
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The complete decay amplitudes of each B(^s) ^{s)T channels are then 

^(5° ^ D°a°) = ^-Ly^K, [a^Aai + C2Manf - a2Aef - C^Menf] , 
A{B^^D'fl) = ^l=V:Ma2Aef + C2Menf + a2Aaf + C2Manf], 
A{B''^D''Kf) = ^V:Ma2Aef + C2Menf]: 

G 

Ai?°^D+i^r) = ^V:,V,4a2Aaf + C2Manf] , 

AiB+^D'^at) = ^K*6K<i[a2A/ + C2Men/ + aiA/ + CiM„„/], 
G 1 

^5+^^+0°) = -^-j=V*,yed[aiAef + CiMenf-aiAaf-CiManf], 

A{B+^D+fl) = ^-Lv;;v;rf[aiA/ + CiMen/ + aiA/ + CiA^an/], 

A{B+ ^ L>+Xf ) = [aiAaf + C.Manf] , 

A(B+ ^ = [aiAaf + CiA^„„;] , 

AB°^D°a°) = ^l=v:,V,s[a2Aaf + C2Manf], 

A{Bl^D'n) = ^-^V:,V,s[a2Aai + C2Manf] . 
A{Bl ^ DV2 ) = ^KToK. [a2A/ + C2Menf] , 
^(5° ^ D'Kl') = ^K^bKd [a2 A/ + C2Menf] , 
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3c 



3d 



FIG. 3: Feynman diagrams contributing to the B — t- DT decays with a tensor meson emitted 



^ D + a^) = ^V:,V,s [a2Aaf + C2Manf] , (53) 

v2 

^(5° ^ D^K;-) = ^V:,V,, [a.Aef + C.M^^f] , (54) 

^(5° ^ i^+i^^r ) = ^KTfeK. [aiA/ClA^e„/ + a^Aaf + C2Manf] • (55) 

From Eq. (lAip . we know that 

A{B^s) ^ D^*^f2) = A{B^s) ^ cos^^ + ^(5(,) ^ D(*)/2^) sin^, (56) 

^(i?(,) ^ D(*)/^) = ^(i?(,) ^ D(*)/|) sin^^ - ^(i?(,) ^ D^*^f^) cos9, (57) 

with ^ = 7.8°. 

The diagrams for b ^ c decays are shown in Fig.2 and Fig. 3. The CKM favored decays 
are governed by the larger CKM matrix element Vcb, then with a larger branching ratio. 
Because a tensor meson can not be produced through the (V ± A) or tensor current, there 
are no factorizable emission diagrams with a tensor meson emitted in Fig. 3. We collect 
the decay amplitudes for each 6 — )■ c decays in Appendix [Bl 



IV. NUMERICAL RESULTS AND DISCUSSIONS 

The decay width of a 5 meson at rest decaying into D{D) and T is 

r(5 ^ D{D)T) = ^^1^(5 ^ D{D)T)\\ (58) 
where the momentum of the final state particle is given by 

1^1 = 77— - (mz) + mr)2] [m| - (m^, - mr)^]. (59) 
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TABLE I: Branching ratios of ~^ decays calculated in the PQCD approach together 
with results from Isgur-Scora- Grinstein-Wise (ISGW) II model (unitilO"^). 



Decay Modes Class 



This Work 



SDV[14] KL0[15] 



5°- 

50 - 

B+ 

B+ 

B+ 

B+ 

B+ 

B+ 

B+ 

B+ 

B+ 

B+ 

Bs- 

Bs - 

Bs- 

Bs- 

Bs - 

Bs- 

B .. - 



D'h 

D^Kf 
D+a^ 

>D+4 

> D+Kf 

> Dt4 

> Dtf2 

> Dtf2 

> D+Kf 

D^Kf 

D+a^ 

D+K*- 



C 

c 
c 
c 

T 
T 
E 
C 
C 
T 
T 
T 
A 
T 
T 
T,A 
A 
E 
E 
C 
C 
E 
T 
T 



0.55 
2.05 
0.038 
41. 
15.2 



0.28+0.15+0.10 
0.20-0.15-0.08 
+0.81 +0.34+0.27 
0.71 -0.29-0.24 
+0.015+0.006+0.005 
0.013-0.006-0.005 
fl7.4 +7.50 +5.75 
-14.1 -7.04-5.36 
+7.82+1.97+1.96 
6.31 -2.62-1.80 
521+249 +44+72 



O.6I: 

1.95"^ 



9.40^ 



-189-60-65 
1+0.15+0.12+0.08 
-0.14-0.16-0.07 
-+0.81 +0.41+0.24 
-0.70-0.48-0.24 
07 q+14.3 +6.99 +5.10 
"J '•"-'-12.4 -8.32 -4.67 
-,+4.59+1.15+1.20 
-3.39-1.62-1.12 
1 9 Q+6.31 +0.90+1.60 
-"^^•^-5.31 -1.42-1.50 
n 9/1+0.12+0.02+0.03 
^•^^-0.09 -0.02 -0.03 
c 97+1.78+0.69+0.72 
-1.65 -0.66-0.66 
9Qn+134+23 +38 
^""-'-110-33-35 
9QQ+149+26 +41 
^yy_122 -33-37 
A 19+1.69+1.62+0.57 
^•J-^-1.98 -0.78 -0.51 
n 0/1+0.12+0.06+0.04 
^■"J^-0.10 -0.06 -0.04 
-1.35+0.69+0.53 
-1.19-0.95-0.48 
r. 9f,+2.29 +1.00 +0.53 
"•^"-1.99-1.18-0.48 
+ 12.5+4.00+3.5 
11.4-3.35-3.2 
+0.69+0.24+0.18 
0.55 -0.19-0.17 
nc+3.03 +1.43 +1.11 
""-2.68-1.99-1.00 
+5.61 +0.60+1.46 
4.51 -0.71-1.33 

115+16+28 
-95-26-25 



3.87"* 



25.5 
1.42 



11.2 

206 



0.34 
0.36 
0.0071 

12 

12 
380 

0.73 
13 
6.5 
6.9 
1.4 

200 
220 
4.3 



0.15 

10 
0.46 

8.3 
260 



11 



180 



12 



94 
100 
1.2 



For B — 7- D*{D*)T decays, the decay width can be written as 



T{B D*{D*)T) 



57rm 



B 



\Ai{B ^ D*{D*)T)\' 



i=+,-,0 



where the three polarization amphtudes Ai are given by 

A = A"-, A± = A^± A"". 



(60) 



(61) 



All the input parameters, such as decay constants, CKM elements are given in Ap- 
pendix A, if not given in the previous two sections. The numerical results of branching 
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TABLE II: Branching ratios (unit: 10 '') and the percentage of transverse polarizations 
i?T(unit:%) of B(^g^ — )• D*T decays calculated in the PQCD approach together with results 
from ISGW II model Q, Q. 



Decay Modes 


Class 


Branching 


Ratio 




Rt 














This Work 


SDV[14] KL0[15] 




B^- 




C 


1 q/i+0.64 +0.25 +0.17 

L . Ot: nc^Q HTO flic; 


0.50 




47+3.7+1.4 

— 4.0 — i.D 


B^- 




C 


9 7n+1.22 +0.43 +0.36 


0.53 




9f;+3.7+1.3 
/in 11 

— 4.U — i . i 


B^- 




c 


n nc:9+0.023 +0.008 +0.007 
— U.Uz — U.UUO — U.UUu 


0.01 




9R+3-7+1.3 

A C\ 11 

— 4.U — i. i 


B^- 


^ D*°Kf 


c 


c+25.3 +10.6 +8.30 
— zi.o — y.io — r .00 


19 


18 


99+2.7+1.0 
— o.z — U.O 


B^- 


> D*+a^ 


T 


91 f;+10.6 +2.48 +2.90 

— o.OU — o.iU — Z.OU 


18 




90+1.6+1.7 

— i.O — i.D 


B^- 




T 


f.oo+321 +55 +94 
— ZD / — / y — oo 


367 


291 


9f;+1.2+0.4 
— u.y — u. ( 


B^- 




E 


n C7+0.13 +0.12 +0.07 
U.Oi niQ nil nriT 
— U.ivS — U.Ii — U.U( 






-19+1.6+3.2 
— i.D — z.o 


B+ - 


-+ D*^a^ 


C 


A 4f.+2.01 +0.73 +0.58 

— i.DO — U.Oi — U.Oo 


1.1 




/I -1+3.8 +2.3 

— O.D — i.D 


B+ - 


-+ d*°k;+ 


C 


79 -1+28.3+11.8+10. 
jZ.X OQV OQQ o nn 


21 


19 


qc:+4.0+0.9 
— O.D — i.U 


B+ - 


D*+4 


T 


-1/1 n+6.51 +1.03 +1.80 

m:.\J c /] c 1 O/i 1 tic 
— 0.4D — i.o4 — i.DO 


9.6 




9C+1.5+0.3 

■^'J in n 1 
— i.U — U. i 


B+ - 


-> D*+f2 


T 


-1 cr -1+8.83+1.42+2.01 
— D.Z/ — Z.io — i.yu 


10 




9C+1.3+1.8 

■^'J in IS 
— i.U — i.O 


B+ - 


-> D*+f!, 


T 


n 9Q+0.15 +0.03 +0.02 

xj.^ij nil n ri/i n no 
— U.ii — U.U4 — u.uz 


0.21 




9c:+1.3+1.8 

^'J in 1 Q 
— i.U — i.O 


B+ - 


-+ D*+Kf 


A 


IS 9+4.77+0.21+2.00 
-•-"•^-5.15-2.15-2.70 






09+2.1+3.8 

"^^-2.9-2.7 


B+ - 


-+ D,*+aO 


T 


qqn+155+27+45 
OOU_;^27-37-42 


196 


155 


9f;+1.2+0.4 
^"-0.8-0.7 


B+ - 


Dt^f2 


T 


qoc;+203 +31+52 
"J°'-'-156-44-48 


207 


167 


9c;+l.l+0.7 
^^-0.8-0.8 


B+ - 


D*s+f!, 


A 


91 f;+6.77 +1.00 +3.00 
^-"-•"-6.03-2.32-2.70 


4.0 


2.0 


Oq + 5.2+1.9 

°"J-5.3-1.9 


B+ - 


-+ D*+Kf 


A 


-1 9r+0.36 +0.06 +0.16 
-•^•^^-0.34-0.16-0.15 






0-1+1.6+3.7 
"^ -"--1.8 -3.3 


Bs- 


> D*^4 


E 


9 fiQ+0.91 +0.70 +0.37 
^•""-0.81 -0.63-0.33 






9-1+2.6+4.8 
^-"--3.0-3.9 


Bs- 




E 


t; nf;+l-93 +0.84 +0.71 
^•'-'"-1.65-0.98-0.62 


0.24 




-|/(+2. 0+2.0 
-■-^-2.1-1.6 


Bs- 




C 


qR 9+17.3+5.62+4.90 
<JO-^-14.4-5.51 -4.60 


16 




-17+2.9+1.6 
-•-'-3.1-1.1 


Bs- 


> D*^Kf 


C 


9 nfi+1-03 +0-33 +0.25 
^•"-'"-0.83-0.31-0.24 


0.7 




9-1+3.0+0.8 
^-•--3.6-0.6 


Bs- 




E 


cr qf.+1.82 +1.41 +0.74 
"-'••-"-'-1.59-1.27-0.66 






9-1+2. 6+4.8 
^-•--3.0-3.9 


Bs- 


> D*+K*- 


T 


1/1 Q+7.42 +0.90 +1.94 
-"-^•"-5.93-0.85-1.77 


12 




9f;+1.2-0.1 
^"-1.0-0.2 


Bs- 




T 


qq9+172+20+46 
"-'•-'^-1.38-31-41 


261 




q4 + 1.9+1.5 

"3^-1.6-1.0 



ratios for the considered decay modes are summarized in Tables [l— IIVI We also show 
the results from ISGW II model [isl in these tables for comparison if applicable. For 
those decays with a tensor meson emitted and most of the pure annihilation type decays, 
our results are the first time theoretical predictions. For the theoretical uncertainties, we 
estimate three kinds of them: The first errors are caused by the hadronic parameters, such 
as the decay constants and the shape parameters in wave functions of charmed meson and 
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TABLE III: Branching ratios of Bu\-^ DT decays calculated in the PQCD approach together 
with results from ISGW II model Q, Q (unit: 10"^). 



Decay Modes Class This Work SDV[14] KL0[15] 



B" - 




C 


^^•'-*-2.99-3.24 


+0.67 
-0^40 


8.2 


4.8 


- 




c 


^•^"-2.29-3.73 


^U. O J- 

-0.32 


8.8 


5.3 


B^ - 




c 


'-'•^^-0.05-0.07 


— 0.09 
-0.06 


0.17 


0.062 


B^ - 




c 


-'-•'^"-'-0.38-0.33 


—0.09 
-o!o5 


0.81 


0.68 


B'-' - 




T 


OQ 0+15.3+12.5 
"^^•"-12.6 -12.1 


+2.15 
-1.34 






B^- 


+ D-KI+ 


T 


1 1^+0.50 +0.52 
J--J.U_Q 4Q_Q 47 


+0.06 
-0.05 






^0- 


+ D-KI+ 


E 


pQf5+1.73+0.43 
"•'-'"-1. 65 -1.04 


+0.32 
-0.21 






B+- 




T,C 


A-l c+16.5+13.0 
^1.0_^2.6-14.2 


+2.24 
-1.40 


18 


10 


B+- 


-+ D^Kl+ 


T,C 


q qq + 1.33+0.87 

"^•"^"-'-l. 02 -0.91 


+0.20 
-0.13 


0.87 


0.73 


Bs - 




E 


n -1 1+0.04+0.01 
"•-'--'^-0.04-0.02 


+0.01 
-0.01 






Bs- 




E 


n -1/1+0.04+0.01 

'^•-'-^-0.05-0.03 


+0.01 
-0.01 


0.0099 




Bs- 




C 


-] qr; + 0.53+0.22 

-L-oU_Q43_Q26 


+0.08 
-0.06 


0.67 




Bs- 


■> D^Kf 


C 


or, q+7.70+3.98 
^^•"-•-6.41 -4.59 


+1.00 
-0.80 


11 




Bs- 


■> D-a^ 


E 


n 9q+0.08+0.02 
'-'•^'J-0.08-0.04 


+0.01 
-0.01 






Bs- 


■> D-a+ 


T 


-1 -1 q+5.53+6.11 
-'--'-•'J-4.43-4.88 


+0.61 
-0.38 






Bs- 


+ D-KI+ 


T,E 


-1 Q7+0. 81 +0.72+0.12 
-'-•^ '-0.69-0.67 -0.08 







the meson, which are given in Sec. [TTl and the decay constants of tensor mesons given 
in Appendix |Al The second errors are estimated from the unknown next-to-leading order 
QCD corrections with respect to and nonperturbative power corrections with respect 
to scales in Sudakov exponents, characterized by the choice of the Aqcd = (0.25 ± 0.05) 
GeV and the variations of the factorization scales shown in Appendix |X1 The third error 
is from the uncertainties of the CKM matrix elements. It is easy to see that the most 
important theoretical uncertainty is caused by the non-perturbative hadronic parameters, 
which can be improved by later experiments. 

As we know that all these decays do not have contributions from the penguin operators. 
There are only four types of topology diagrams: the color allowed diagrams (T), the color 
suppressed diagrams (C), the W annihilation diagrams (A) and the W exchange diagrams 
(E). All decays are thus classified in the tables according to their dominant contribution. 
Compared with B — > D^*^T decays, the B — )■ D^*^T decays are enhanced by the CKM 
matrix elements \Vcb/Vub\'^, especially for those without a strange quark in the four-quark 
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TABLE IV: Branching ratios (unit:10 ^) and the percentage of transverse polarizations 
i?T(unit:%) of Bu\ D*T decays calculated in PQCD approach together with results from 
ISGW II model P,Q. 



Decay Modes Class - 



Branching Ratio 



This Work SDV[14] KL0[15] 



Rt 



50 
50 

50 

50 

50 

50 

B+ 

B+ 

Bs 

Bs 

Bs 

Bs 

Bs 

Bs 

Bs 



D*°Kf 

D*-at 



D 



D*-4 
D*-4 



C 
C 

c 
c 

T 

T 

E 
T,C 
T,C 

E 

E 

C 

C 

E 

T 
T,E 



39.31^3.6 

00 n+13.9 
•^^•^-11.6 
n 79+0.26 
^- '^-0.22 
r- 09+1.69 

^^•"-9.86 

1 ic:+0.49 

80.6ii-? 
6.8ltfi 

0.09t°:°i 

"-'•'^^-0.07 

70 1+28-8 

h0.06 
-0.06 



0.18: 



11 c,+5.59 

1 7Q+0.75 
J- - ''5-0.60 



+2.05+2 
-0.50-1 
+1.97+2 
-1.22-1. 
+0.02 +0. 
-0.03-0 
+0.79 +0. 
-0.66-0 
+9.58+1 
-10.1-1 
+0.46 +0 
-0.43-0 
0.48+0 
0.51-0 
+3.67+4. 
-3.12-2. 
+0.34 +0. 
-0.30-0. 
+0.01+0 
-0.01-0 
+0.01+0 
-0.02-0 
+0.39 +0. 
-0.50-0. 
+4.10+3. 
-5.82-2. 
+0.01+0. 
-0.03-0. 
+5.79 +0 
-4.70-0 
+0.65+0 
-0.58-0 



15 
34 
10 
30 
04 
03 
32 
22 
62 
01 
07 
04 
25 
16 
41 
75 
42 
27 
01 
01 
01 
01 
30 
20 
83 
40 
01 
01 
63 
40 
11 
06 



12 

13 
0.26 
1.3 



26 
1.4 

0.016 
1.1 

17 



7.8 
8.4 
0.11 
1.1 



17 
1.2 



73^ 



f9.0 
-4.3-8.1 
7r,+5.9+9.4 
'^-5.6-6.3 
7n+5.9+9.4 
'^-5.6-6.3 



71: 

3^ 
7^ 



-1.8+8.6 
-1.6-8.8 
-0.2+0.4 
-0.2-0.4 
-0.4+0.3 
-0.2-0.3 
99+3.0+7.6 
^^-3.4-6.7 

c;o+3.7+13.8 
'^°-3.2-10.2 
cr 7+1.4 +14.1 
'^'-l. 3-11. 6 



26 

11 



+4.0- 



-6.5 
-4.4-6.8 
1+0.6+2.2 
-0.6-1.0 
7-1+1.1+7.5 
' -'--1.0-7.2 
00+1.7+8.5 
"°-1.3-7.9 
9C+4.0+6.5 
^"-4.4-6.8 



6_ 
11 



+0.1+0.2 
0.1-0.3 
-0.9+2.3 
-0.9-2.4 



operators. So for most of the B — t- D^*^T decays, the branching ratios are at the order 
10~^ or 10^''; while for the B — )■ D^*^T decays, the branching ratios are at the order 10~^ 
or 10"^ 

As usual, the nonfactorizable emission diagrams with a light meson emitted are sup- 
pressed, because the contributions from two diagrams cancel with each other. However, 
when the emitted meson is the D{D) or tensor meson, the situation is changed. Unlike 
the light meson, the difference between c(c) quark and the light quark is very big in the 
heavy D{D) meson 3J, |35|. The nonfactorizable diagrams also provide non- negligible 



contributions. When the tensor meson is emitted, the contributions from two nonfactor- 
izable diagrams shown in Fig. 3 strengthen with each other, because the wave function 
of tensor meson is antisymmetric under the interchange of the momentum fractions of 
the quark and antiquark j^, 1^. Since the factorizable emission diagrams with a tensor 
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meson emitted are prohibited, the contribution of nonfacotrizbale emission diagrams play 
the decisive role. For these color suppressed decay channels, since the facotrizable con- 
tribution is suppressed by the Wilson coefficient 02 (Ci + C2/3) ~ 0.1, while the Wilson 
coefficient for nonfactorizable contribution is C2 — 1.0, the nonfactorizable contribution 
plays the crucial role in the amplitude. From table I to IV, one can see that for the 
color suppressed decay modes, the predicted branching ratios in the PQCD approach are 
larger than those of Ref. jl4| and Ref. 15|. For B'^ — t- D^f2, our predicted branching ratio 
B{B^ — !■ 0^/2) = 9.46 X 10~^, which is larger than other approaches, agrees better with 
the experimental data (12 ±4) x 10~^ In addition, the annihilation diagrams can also 
provide relatively sizable contributions. Our results show that the contributions from 
annihilation diagrams are even at the same order as the emission diagrams in some decay 
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modes. Some of the pure annihilation type decays are already discussed in Ref. 
large branching ratios. 

For those color allowed decay channels, the Wilson coefficient for factorizable contri- 
bution is ai = (Ci/3 + C2) — 1, while for the nonfactorizable contribution is Ci ~ —0.3. 
The contribution of nonfactorizable diagrams is highly suppressed by the Wilson coeffi- 
cient. The decay amplitude is dominated by the contribution from factorizable emission 
diagrams, which can be naively factorized as the product of the Wilson coefficient ai, 
the decay constant of D meson and the B to tensor meson form factor. In this case, 
our predicted branching ratios basically agree with the predictions of naive factorization 
approach in Ref. jl^l . The small difference is caused by parameter changes and the inter- 
ference from nonfactorizable and annihilation diagrams. For those decays with a tensor 
meson emitted, for example, B^ — )■ D^a^ ■, since the factorizable emission diagrams are 
prohibited, the predictions can not be given within the naive factorization framework. But 
these decays can get contributions from nonfatorizable and annihilation type diagrams, 
which can be calculated in the PQCD approach. The branching ratios of these decays are 
predicted for the ffist time in table Hl lIVI 



Similar to the relation B{B^ > -^(5° D'^*^°u) |22|, we also get 

— )■ Z)(*)°a2) > B{B^ — )■ Z)(*)°/2). This can be explained by the interference between 
contributions from emission diagram (C) and contributions from annihilation diagrams 
(E). The interference can also explain why B{B+ D^*'>+f2) > B{B+ D(*)+a^). The 
relative sign of the annihilation diagrams (A) with respect to the emission diagrams (T) 
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is negative for the 02 meson and positive for /2 meson. The interference is constructive 
for B+ D^*^+f2, while destructive for B+ D(*)+a°. 

For decays involving /g''* in the final states, for example, — t- D^f2 \ there are no 
contributions from ss component. The branching ratios have the simple relation derived 
from Eq.dM]): 

^ B{B Df^) ^ sin^ 

B{B^Df2) cos^e' ^ ' 

This provides a potential way to measure the mixing angle of /2 and /j, for example, 
r ~ 0.02 with Q = 7.8°. 

For B — ^ D*{D*)T decays, we also calculate the percentage of transverse polarizations 

Al + A\ + Ai 

The numerical results shown in table Hi] and HV] are only indicative, because the trans- 
versely polarized contributions are suppressed by tt or td* to make it more sensitive 
to meson wave function parameters and higher order corrections [34]. According to the 
power counting rules in the factorization assumption, the longitudinal polarization should 



be dominant due to the quark helicity analysis j39|, |40| . This is true for those color favored 
decay channels, such as 5° D*-a+, B^ D*-K;~^, 5° D*-at, 5° D*- K^^ . 

However, for those color suppressed (C) B — ^ D*T (b ^ c transition) decays with the 
D* emitted, the percentage of transverse polarizations are about 70%, while for color sup- 
pressed (C) B — 7- D*T {b ^ u transition) decays with D* meson emitted, the percentage 
of transverse polarizations are only at the range of 20% to 30%. For B — > D*T decays, we 
know that the c quark and the u quark in D* meson produced through {V — A) current are 
right-handed and left-handed respectively. So the D* meson is longitudinally polarized. 
But the helicity of c quark can flip easily from right handed to left handed, because the 
c quark is massive. Therefore the D* can be transversely polarized with the polarization 
A = — 1. The recoiled tensor meson can also be transversely polarized with polarization 
A = — 1 due to the contribution of orbital angular momentum. Thus, the transversely 
polarized contribution can be sizable. For B — > D*T decays, the emitted D* meson can 
also be transversely polarized, but the polarization is A = The reason is that the u 
quark in D* meson is right handed, while the c quark can flip from left handed to right 
handed to make a D* meson with A = The recoiled transversely polarized tensor 
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meson with polarization A = +1 needs contributions from both orbital angular momen- 
tum and spin, so the situation is symmetric. But the wave function of tensor meson is 
asymmetric. Therefore the transversely polarized contribution is suppressed, because of 
Bose statistics. 

As discussed in Ref . 35| , the W annihilation diagrams give a very large contribution of 



transverse polarizations. In our calculations, we also find very large transverse polariza- 
tions up to 80% for the W annihilation (A) type B — > D*T decays, such as — )■ D*^Kl^, 
B+ -> D*+A'2° ^ Dl^f'^ decays. This can be understood as following |4l|: For 

the D* meson, the "light quark-unti-quark" pair created from hard gluon are left-handed 
or right-handed with equal opportunity. So the D* meson can be longitudinally polarized 
or transversely polarized with polarization A = — 1. For the tensor meson, the anti-quark 
from four quark operator is right-handed, and the quark produced from hard gluon can be 
either left-handed or right-handed. So the tensor meson can be longitudinally polarized 
or transversely polarized with polarization A = — 1, because of the additional contribution 
from the orbital angular momentum. So the transverse polarization can become so large 
with additional interference from other diagrams. Although annihilation type diagrams, 
the W exchange diagrams (E) contribute little to transverse polarizations, which is con- 
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sistent with the argument m. B ^ D*V decays |34j . |35| . Examples are Bg — )■ D*^a!l 
Bs D*^al, B, D*o/2, B, D*^f2, B,, D*+a^, 5, ^ D*-a+, B° D*+K;-, 
B^ —7- D*~K2^, with only 10-20% transverse polarization contributions. 



V. SUMMARY 

In this paper, we investigate the -B(s) — )■ D^*^T, D^*^T decays within the framework 
of perturbative QCD approach. We calculate the contributions of different diagrams in 
the leading order approximation of mo/mB expansion. We find that the nonfactorizable 
and annihilation type diagrams provide large contributions, especially for those color sup- 
pressed channels and the decays with a tensor meson emitted. We predict the branching 
ratios and the ratios of the transverse polarized contributions and find that the branching 
ratios for — t- £)(*)T decays are in the range of 10~^ to 10~^, while 10~^ to 10~^ for 
-B(s) — )■ Z)(*)T decays. For those color suppressed -B(s) — i- D^*^T decays, the transversely 
polarized contributions from nonfactorizable diagrams are very large. For those W anni- 
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hilation type B D*T decays, the transverse polarized contributions from factorizable 
annihilation diagrams are as large as 80%. 
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Appendix A: Input Parameters and Hard Functions 



TABLE V: The masses and decay constants of light tensor mesons 




Tensor (mass ( Me V) ) 


/T(MeV) 


/^(MeV) 


/2(1270) 


102 ± 6 


117 ± 25 


/2(1525) 


126 ± 4 


65 ± 12 


02(1320) 


107 ± 6 


105 ± 21 




118 ± 5 


77 ± 14 



The masses and decay constants of tensor mesons are summarized in Table V. Other 
parameters such as QCD scale = 0.25 GeV and the b quark mass nib = 4.8(GeV). For 
the CKM matrix elements, here we adopt the Wolfenstein parameterization A = 0.808, 
A = 0.2253, p = 0.132 and f] = 0.341 [l|. 

Like the 77 — 77' mixing, the iso-singlet tensor meson states /2(1270) and /2(1525) are 
also a mixture of /| = -^{uu + dd) and /| = ss 



h = ncose + /^in^, 
= /|sin0 - /|cos^. 



(Al) 



with the mixing angle 6 = 5.8° [44], 7.8 



45| or (9 ± 



The functions h in the decay amplitudes consist of two parts: the jet function St{xi) 
and the propagator of virtual quark and gluon. The former is gained by the threshold 
re-summation 26|]. For factorizable emission diagrams Fig.l. la and lb, the h function 
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can be given by 

hefixi,xs,bi,b3) = Ko{y/x^mBbi) 

X {6*61 - b^Ko {y/x^niBbi) Iq {^/xirriBb^) 

+9{b3 - bi)Ko {y/x^mBb^) Iq {^/x^mBbl)} 

xStixs). (A2) 

The hard scales are determined by 



ta = max{\ xsil - rfj)mB, I/&1, I/&3}, 



tb = max{ W xi (1 - r|,)mB, 1/bi, 1/63}- (A3) 



Jet function appears in the factorization formulae is 26 1 



where c = 0.5. For the nonfactorizable diagrams, we omit the St{x), because it provides 
a very small numerical effect to the amplitude j46|. 

The evolution factors Eef{ta) and Eef{tb) in the matrix elements (see section III) are 
given by 

E,f{t) = as{t) exp[-SB{t) - Srit)]. (A5) 
The Sudakov exponents are defined as 

Ssit) = s + jl.Mfi)), (A6) 



Soit) = s l^xn"^, b^ + 2 £^ |^7,(«.(/i)), (A7) 

Srit) = s (^T^,&) + s (^(l-x^)^,6^ + 2 1* |^7,(«s(/i)), (A8) 

where the s{Q,b) can be found in the Appendix A in the Ref. 19|. Xt(d) is the momentum 
fraction of "(light) quark" in tensor (D) meson. 

For the rest of diagrams, the related functions are summarized as follows: 



tc = max{\ XiXs^l - r'jj)mB, \ \xi - X2\X3{1 - r%)mB, l/hA/h}, 



td = max{y XiX3(l -r2,)mB, +X2 - l|(r2, + X3(1 -r^,)) +r|)mB, 

1/61, 1/62}, (A9) 
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Eenfit) = as{t) ■ eM-SB{t) - Soit) - Srit)] \ b, = bs, (AlO) 

xs, 2:3,61, 62) = \o{b2 - hi)KQ{sJxiXz{l - r%)mBb2) loi^J xiX3{l - r|j)mij6i) 
+61 (61 - b2)Ko{^xiX3{l - ry)mBhi)h{^ xiX2,{l - r%)mBh2) 

f ^0'^ (V^^^^^) ' ^l<0' (All) 
i^o {DjmBh2) , > 0, 

r(i) 



with J = 1,2 and H^o \z) = Jo{z) + iYo{z). 



Dl = (xi - X2)x3(l - r|)m|, 

Dl = (xi + X2 - l)(r^ + xs{l - rl)) + r^. (A12) 



te = max{-y/x3(l - rjj)mB, I/62, 1/&3}, 



= max{-^X2(l - rl)mB, I/62, 1/&3}, (A13) 
= • exph^T^ - Soit)], (A14) 



haf{x2,X2,MM) = (y)^^O^^ {VX2X3mBb2) 



0{b2 - b3)H^^^ {y/x^mBb2) Jo {\/x^mBbz) + 
^(63 - 62)//^'^ (v^mB63) Jo (v^mB62)l • -5t(x3). (A15) 



tg = max{-ya;2a;3(l - rl,)/^^, -y/l - (1 - a;3)(l - Xi - ^2(1 - rjj))mB, 

l/&l,l/&2}, 



t/, = max{ya;2a;3(l - r|))mB, yxslxi - 0:2(1 - r|))|mB, 1/61, 1/62}, (A16) 
Eanf = Q;,(i) • eM-SB(t) - Srit) - Soit)] \ b,=bs, (A17) 



hanfj{xi,X2,X3,bi,b2) = 9{bi - b2)Hl^^\FmBbi) Jq {FmBb2) 



in 

r(i) 



+e(b2 - bi)H'o" {FmBb2) Jo (FrriBbi) 



X 



fH^'^ (v^-i^^i) , < 0, .A18) 
iro(F,mB6i), F/>0, 
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with J = 1, 2. 



F^ = X3)(l - xi - X2(l - rl)), 

Fi = x^{x^-X2{l-rl)). (A19) 



For B D^*^T decays: 



*e{/) = te{f) (X2 1 - X3, X3 -> X2), 
^'an/i = hanfj (Xs-^ {1- X3){l-rl)),X2il-rl) X2), 

i'g{h) = (X3^(l-x3)(l-r^), 0:2(1 -r^)-^X2), (A20) 



tl = max{^/x^mB, y\xi - {1 - X2){1 - rl))\x3mB,l/biA/b2}, 

tl = maxiy/x^niB, \ \xi - X2{1 - rjj)\x3mB,l/biA/b2}, (A21) 



El^f{xi,X2,X'i,hiM) = [0{b2-bl)Io{^/x^mBbl)Ko{y/x^mBb2) 

+9{bi - b2)Io{y/xiX3mBb2)Ko{y/xiX3mBbi)] 

f [^/m^Bb2) , < 0, ^^22) 



Ko {GmBb2) , G^>0, 



with = (xi — X2(l — r|)))x3m^. 



Appendix B: Formulas for S — D^*^T decay Amplitudes 

For B — )► DT decays, the expression of the factorizbale emission contributions (Aef) is 
the same as Eq. (fT8|) . For nonfactorizable emission diagrams, the amphtudes are given by 

Menf = — ^C'FTrml / dxidx2dx3 / bidbib2db2(j)B{xi,bi)(f)D{x2,b2) 
•J Jo Jo 

X { [0t(x3)(1 - X2) + i^ri^s) - <pTix3))rTX3] 

■ henf2{Xi,bi)Eenfitd) 

+ [-(Pt{x3){x2 + X3) + {(Pt{x3) + <pTi^3))rTX3] 

■ henfl{Xi, bi)Ee„f{tc)} . (Bl) 
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The decay amplitudes of factorizable annihilation contributions (Aaf) can be obtain by 
making the following substitutions in Eq. fl20|) . 



X2 -> 1 - X3, X3 X2, 0?''''(a;2) -> - X3), (j)D{x3, 63) -> 4>d{x2, b2). (B2) 

While for the non-factorizable annihilation contributions, the decay amplitude is 

Manf = —CpT^rri^B / dxidx2dx3 / bidbib2db2(f)B{xi,bi)(j)D{x2,b2) 

X { [0T(a;3)a;2 + rDrT{4>Ti^3){x3 - X2 - 3) + 0^(a;3)(a;2 + 3:3 - 1))] 

6l,62)^an/(i'J 

+ [(l)Tix3){x3 - 1) + r£,rT(0T(x3)(x2 - X3 + 1) + 0T(a;3)(a;2 + X3 ~ 1))] 

• ^'an/2(3;i,a;2,a;3,6l,fe2)^an/(4)} • (B3) 

For those two nonfactorizable emission diagrams in Fig. 3, the decay amplitude is 

■^Inf = -irCFT^m^B / dxidx2dx3 I bidbib2db2(f)B{xi,bi)(j)i:){x3,bi) 
3 Jo Jo 

X {[(f>T{x2){x2 - 1 + rnX3)]hl^j-{xi,{l - X2),X3MM)Eenf{tl) 

+ [(t)T{x2){x2 + X3- rDX3)] hl^f{Xi, X2, X3, 61, b2)Eenf{tl) ] ■ (B4) 

For B —7- D*T decays, the expressions of the longitudinally polarized contributions 
of the emission diagrams can be obtained from those corresponding B — t- DT decays by 
substitution in EqJ2^ For the annihilation type diagrams, the decay amplitudes are 

■^af = -^CpfB'n'm^ / dx2dx3 / b2db2b3db3(p^{x2,b2) 
X { [0T(a;3)(l - 2:3) - rorriM^s) + ^^3))] 
■haf{l - X3, X2(l - r|,), 62, b3)Eaf{Q 
+ [-(pTix3)x2 + 2rDrT(t)T{xz){x2 - 1)] 

■ Kf{x2, (1 - X3)(l - rl), 63, &2)^a/(t/)} , (B5) 

•^an/ = -i^Cft^vti^b \ dxidx2dx3 / bidbib2db2 4>b{xi, bi)(j)j^{x2, b2) 
3 Jo Jo 

X { [(t)T{x3)x2 - rz5rT(0r(a;3)(l + X3- X2) + (l)Ti^3)ix2 + X3- 1))] 

6l,62)^an/(tl) 

+ [<pTix3){x3 - 1) - rDrT(0T(a;3)(a;2 - X3 + 1) + 0T(x3)(a;2 + X3- 1))] 

■ ^'an/2(^l>a;2,2;3,&l,&2)^an/(tk)} • (B6) 
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The transversely polarized contributions are suppressed by r£) or r^- For the factorizable 
emission diagrams, the expressions are the same as Eq. fl26|) and Eq.f l27p . For the non- 
factorizable emission diagrams, the decay amplitudes are 

M^nf = ISy -CiT'TrrDm^ J dxidx2dx3 J bidbib2db2(l)B{xi,bi)(f)'^{x2,b2) 

X { y)T{x3){x2 - 1) + rricpTi^s) - (p^iXs))] henf2{Xi, hi)Eenf{td) 

+ [-4>T{x-i)x2 + 2rr(x2 + a;3)0^(x3)] henfl{Xi, bi)Eenf(tc)} , (B7) 

-^fn/ = Mljirr ^ 0t)- (B8) 
For factorizable annihilation diagrams, the transverse decay amplitudes are 

A^f = -AV2CFfBTTrn%rD / dX2dX3 / &2'^&2&3'^&3 </'l3(^2, ^2) 

Jo Jo 

X { [rD^lix3) - rTi^^{x3)x3 - 0^(X3)(X3 - 2))] 
■haf{l - X3, X2(l - r|,), 62, b3)Eaf(te) 
+rT [0^(X3)(X2 + 1) + rA^3)ix2 " 1)] 

• haf{x2, (1 - X3)(l - rl), 63, &2)^a/(t/)} , (B9) 
= -4:\/2CFfBTTm%rD / dx2dX3 / fe2C?&2&3'^&3 ^El^^a, ^2) 

X { [-'"^<^t(2;3) - rT(0T(a;3)a;3 - 0T(a;3)(x3 - 2))] 

■haf{l - X3, X2(l - r^), &2, b3)Eaf{te) 
+rT [rT{xz){x2 + 1) + 0T(a;3)(x2 - 1)] 

■ haf{x2, (1 - X3)(l - rl), 63, &2)^a/(t/)} • (BIO) 

While for the non-factorizable annihilation diagrams, the transverse decay amplitudes are 
M^^f = 16y -CiTTrm^rD J dxidx2dx3 J 6i(i6i62'^&2 6i)0b(x2, ^2) 

X {[rD(pTi^3){x2 - 1) +2rT(l)T{x3)] h'^^j-^{xi,X2,X3,bi,b2)Eanf{t'g) 

- [rDX2(pTi^3)] Knf2{^l:^2,X3,biM)Eanf{Q] , (Bll) 

■^anf = -^C Firmer D J dxidx2dx3 J &i(i6i62'^&2 6i)0^(x2, 62) 

X { [-rD0?(x3)(a;2 - 1) + 2rT0T(a;3)] Knfli^l, X2, X3, 61, h2)Eanf{t'g) 

+ [rDX2(pTi.X'i)\ Knf2i.XuX2,X3,biM)Eanf{t'^)] ■ (B12) 
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The non-factorizable emission decay amplitudes for B — > D*T with a tensor meson emit- 
ted shown in Fig. 3 are 

32 f^^^ 
•^Inf = — ^C'F7rm|(rD - 1) / dxidx2dx3 / &i(^&i&2C^&2 0B(a^i, &i)0d(^3, ^'i) 
■J Jo Jo 

X {[(f>T{x2){x2 - 1 + r£,(x2 - X3 - 1))] hl^f^Xi, (1 - X2),X3,bi,b2)Eenf{tl) 

+ [4>t{x2){x2 + X3 + rDX2)] hl^f{xi, X2, X3, h, b2)Eenf{tl)} , (B13) 

Mlnf = 16W-CF7rm^rT / dxidx2dx3 j &ic?&i&2'^&2 &i)05(3^3, &i) 

X {[(0^(X2) + 0^(X2))(X2 - 1)] (1 - X2),X3MM)EenAtl) 

+ [-(t)T{x2)x2 + 0T(2^2)((2rD - 1)^2 + 2^X3)] 

■hlnfixi, X2, X3, bi, b2)Eenf{tl)} , (B14) 
>^en/ = --^en/(0T^0T)- (B15) 

With the functions obtained in the above, the amphtudes of all B DT decay channels 
can be given by 

A{B^ ^ D^4) = ^l=V:,VUa2Aaf + C2Manf - a2Aef - C2Me„f], (B16) 
^(^0 ^ ^Ofl^ ^ ^l^v:,VUa2Aaf + C2Manf + 02^/ + C2Menf], (B17) 

A{B' ^ d'k;') = ^v;;K,[a2A/ + CsMen/], (bis) 

^ D-at) = + a2A/ + C2Manf], (B19) 

^(5° ^ D-K*^) = (B20) 

^(5° ^ i^.-A-D = ^V;;V;d[a2A/ + C2Manf], (B21) 

^ L>°a+) = ^V;tK4«2A/ + CsMen/ + C,Ml„f], (B22) 

^ = ^V:,V^,[a2Aef + C2Menf + C^Ml^f], (B23) 

A{B', ^ DVI) = ^l=V:,Vus[a2Aaf + C2Manf], (B24) 

A{B', ^ ^^a^) = ^-Lv;;K.[a2A/ + C2Manf], (B25) 
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(B26) 
(B27) 
(B28) 
(B29) 
(B30) 
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